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I. Introduction.
The relation of an organism to it6 environment is
comparatively a new study. The reactions of animals to certain
conditions in an experiment indicate conditions suitable in
nature. If such experiments are carried out cs.refully and at
different periods of the life history, the reason for the
presence of an animal in its environment may be expliined in
terms of measurable physical factors which it selects and
avoids.
In a recent article Shelford (14) showed that certain
animals from moist and dry habitats respectively were sensitive
to variations of the evaporating powers of -^fe^ air. It is the
main purpose of this paper to report some further experiments
on wood mice, Peromysous leucop«us noveboracensis Fischer,
designed to determine their reactions to variations in the
evaporating power of the air.
A knowledge of the effect of the evaporation upon
animals is important for the following reasons. (Shelford '13)^
1. Because the knowledge of the relationships of land animals
to the surrounding medium is important from the standpoint of
evolution and physiology, 2, because the factors controlling
distribution are effective in proportion to the effect upon
the organism concerned, and 3, because animals kept under
laboratory conditions in experiments in behavior, genetics
etc. are often subjected to constantly changing atmospheric
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conditiona and these changes may be suffuciently important
to interfere v/ith the results and validity of the conclusions
drawn. The physical factors that determine the rate of evap-
oration are humidity, pressure, wind and temperature, and these
are measured in combination by instruments measuring evaporation.
If it were possible to bring all the animals of the animal
kingdom into the laboratory and test thsir reactions to these
physical factors a distribution map could probably be made
fairly accurate for each species.
Very little work has been done on the effect of loss
of water on land animals, and there is an open field for wide
investigation .
The first part of this report is devoted to a study
of the habits and general behavior of the v/hite-footed wood
mouse. It is also commonly known as the "deer mouse" since its
coloration and mode of running is so similar to that ofl the
deer. The name wood mouse, however, is mors appropriate
since this is a typical woodland mammal. Experimental studies
made in the laboratory are of first irr.portance but in order
that they may be properly done one must gain a knowledge of
the animals in their natural haunt.
II. General Habits.
1. Social life.
aThe white-footed wood mouse is tO/\ certain extent
gregarious and social. It seems that the sexes are separated
a great part of the time as the mice caught at any one time
always showed a preponderance of males or females. Several
times I have found as many as five or six living together and
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in each case there was a preponderance of one oex. I have
often seen them occupying the home of the gray squirrel, and
since neither species is pugnacious they no doubt live together
in harmony. Kennicott ('76) sometimes found them sharing the
home of the flying squirrel.
2. Personal habits and cleanliness.
The white-footed wood roes not hibernate in this
region and I think they do not even in more severe climates.
Herrick says, (•92) "The v;hite-footec' wood mouse does not
hibernate. Except during the severest weather its tracks
_
may be seen on the snow******". I have alv/ays found them
active during the coldest weather in this region. They stay
under cover most of the day, and I did find some that seemed
to be in a sort of a trance. I have picked them up out of
the nest while in this condition but they soon awakened and
were as lively as ever. W. S. Stone ('02) says, "Many of them
undoubtedly sleep for long periods varying from a fev/ days
to several weeks." He thinks the case is exceptional and that
they content themselves with naps of shorter duration waking
two or three times a day to nibble at the nuts or seeds stored
in their granaries.
These mice are very cunning. When climbing trees,
like the squirrel, they will always remain on the side opposite
the observer, and they also seem to have copied the squirrel's
habit of stretching themselves flat on^imb when they find
themselves in a place where retreat is not possible. In this
position they are very difficult to see as their color is similar
to the bark.

Several papers have "been written on the "singing
habit" of these r.ice. I have had specimens in laboratory for
a year or mere, and only once did I ever hear one make a noise,
and this was a sort of a musical tone. The young are continually
"squeaking" but the adults, unlike the house mouse, seldom,
if ever, makes any noise at all. The singing habit described
by Lockwood ('71), I think is an abnormal condition.
The white-foot is very cleanly. W^ien cleaning its
pelagae it rests upon its hind legs, rubs the fore feet over
the face and back over the head and body, then turns its head
and like the cat rubs the fur with its nose. It surpasses
the com... on house mouse in the art of cleanliness and is a
much better "housekeeper."
3. Breeding habits and life history.
The nest is built out of various materials such as
finely shredded gra^n, leaves, paper etc. When built on the
ground it is oval in shape, and always has the entrance on the
under surface and is usually built in a small depression, in
The nest never sm.ells "mousy" as is the case with the house
mouse. No fecal matter is ever found in the nest and this mouse
seems to be a very sanitary housekeeper in every way.
'
.
Mating and care of the young.
The breeding in this locality, according to my
observations, extends from the middle of February to the latter
part of October. My data on this is incomplete. Wood, ('10)
gives some good data. He found the breeding season to extend
from January to October inclusive. Two or three litters
are produced in a season, and the nurfiber of young varies
though ccmparit ively small lifters are born, the number varying
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from three to six. The male does not remain with his mate very
long. Only once did I find the male with the mother and young.
It 13 doubtful how long the mother remains with the
yoiing. I have found them clinging to the mother when they
were half grown. Merriman ('92) says, "On the 29th of November
I secured in a trap a female with her young which were two-thirds
grown. The mother bore evidence of having recently been nursed,
and the stomach of the young contained nothing but milk." The
mother shows great affection for the young. Wnen there was
any disturbance in the cage she would always try to hide them,
and would become very much excited; however she is not at all
pugnacious and I could handle them without being bitten.
Development.
The young are hairless and blind when born but grow
very rapidly and mature in about three months. Tlie young cling
so tenaciously to the teats of the mother that her weight and
that of her four young could not dislodge one. The eyes remain
closed for about fifteen days, and by this time they are covered
with hair.
The hairs of the feet and chin of the adults are
white to the base, the hairs of the throat, belly and inner
part of the legs are a slatish color at the base, but at least
nine-tenths of their length is of the same color as those
of the feet and chin. The majority of the hairs on the upper
parts are tipped with an ochareous buff, but mingled with them
are black tipped ones. All shades of color may be found among
the adults but this is no doubt due to the wearing off of the
tips of the hairs and thus exposing the darker colored bases.
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The ears are large and very narrowly bordered with white; the
tail is bi-colored being white below and gray above. The hairs
of the feet, chin, belly and throat of the immature individuals
are an ashy white but they gradually become whiter as the
animal develops. The upper parts are very dark, a blackish
slate color, but they gradually change on the sides as the
animal develops to a hair brown slightly tinted with yellow.
This begins along ths side as an indistinct stripe, a brownish
yellow color, which merges insensibly into the gray color above.
For this reason no appreciable stages in further transition
can be laid down but there is a gradual change in the color
of the rest of the pelagae.
4. Food and enimies.
The waite-footed mouse like the squirrel stores up
food and some times in considerable quantities. Kennicott ('56)
tells of one store in which he found a quart of clover seed.
I have made weekly observations on the stores, and if this
species were wholly dependent upon what they store away not
many would live through the winter. They are tremendous
eaters and I have seen large stores eaten up in a week. They
forage very much even in the coldest weather and the snow
linder the oak trees may be completely undermined by their
burrows where they have been in search of food. It seems
probable that they live to some extent on the stores of
squirrels as they are very agile climbers, and I have seen
them run into squirrel dens many tim.es. Bass-wood berries,
acorns, mapleseeds and hickory nuts are generally found in
the stores, and usually one to the exclusion of ths other.

In nature the food of the mice is chiefly vegetable matter
but In captivity the mice will eat flesh. On one occasion
I found a partly eaten bird in the nest. I did not experience
any trouble in keeping the mice in captivity if they were
given plenty of food. W. H. Hahn ('08 p573) saySj^A number
of white-footed mice were kept in captivity at different times,
but they could not be kept together. On one occasion six
were caught under corn shocks and were equally divided between
two cages. Next morning each cage contained two partially
eaten carcasses while of the survivors in each cage, one died
within a few hours and the other a day later." I have kept
them in the laboratory for a year or more and never had this
kind of an experience with one exception. In this case I
had not fed the m.ice for several days which no doubt accounts
for this unusual performance. Like all mice they are not
slow in appropriating their share of cultivated crops if they
come in cont;act with them but since they seldom wander far
from the forest they are of little economic importance. A few
beetles were eaten in captivity and it seems probable that they
may have eaten a few in their natural environment. The examin-
ation of the stomach contents however shows that very few are
eaten. At certain times of the year the amount varies. In
the Spring when the food supply is short they undoubtedly eat
more insects than in the Auturnn when there is an abundant supply
of other food.
For the enem.ies of the white- footed wood mouse we vvill
have to look among the night prowlers as the mouse is almost
wholly nocturnal in its habits. No doubt the weasles, owls
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and skunks eat the mice but the shrew is th=-ir chief enemy.
One would think that the agile little white-foot would not
"be troubled by the blundering, short-sighted shrew, but the
shrew takes advantage of the white-foot by following it into
its burrow where it cannot escape. The shrew ie very pugnacious.
I put a white foot into a cage with a shrew and watched th*
mode of attcck. The shrew seems to rely mostly on the senses
of hearing and touch as experiments showed that he could see
only a short distance. The white-foot never showed any fight
and with its superior agility easily evoded the shrew for
quite a while, then finally weakened by fright and exertion
was overpowered by the shrew. The white-foot is very cunning
as well as agile and can escape many of its enemies.
The mode of trapping which I used to capture the
mice is very simple. The are very fond of pastries and cheese
with which I usually baited the trap. A piece of apple should
always be put in the trap as they cannot exist long without
water. The common house trap was used and these were placed
wherever there v/as any evidence of run-ways.
III. Habitat and distribution.
One of the commonest mammals of any wood-land area
is the white-footed wood mouse. The habitat of this species
is practically coextrnsive with the wood-land area. This mouse
is sometimes found in the fields when the food supply is
short in the forest or it may be tem.pted to a near-by cornfield.
They migrate to the border of the woods or to open cleared
places a mile or so from the woods during the summer. They
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aeem to be able to adapt theraeelvee to different environments,
and this is no doubt a great factor la datermlnino; their
abundance. It saams that house i and barns are seldom if ever
entered and it is certain that they never become a household
pest. In the woods they are at home under any kind of rubbish
and the roots of trees but they are not limited to the ground
strata as they are sometimes found living in the tallest trees.
The range of this species is from Nova Scotia to
central Minnesota, thence south through the humid parts of
eastern Nebraska and Kansas and eastward to the Atlantic.
•These observations were made at the Augerville woods which
is four and a half miles north-east of Urbana, Illinois.
This wood, comprising about sixty acres, is the only piece
of virgin forest in this vicinity.
IV. Experimental study of the relation of environmental
factors to distribution.
Aron,('ll) Rheinhard, ( '69) and Rubner ( ' 90) have
shown that evaporation directly affects the physiological
processes of certain marnmals and that if these processes
were sufficiently interfered with death of the animal resulted.
Evaporation no doubt then is an important factor in determining
the distribution of mammals and the remainder of this report
will be confined to a discussion of the probable effects of
the rate of evaporation on the distribution of the white-footed
wood mouse.
1. Method of establishing evaporation gradients.
The apparatus for this experiment was designed by
Dr. V. E. Shelford and E. 0. Deere, and for descriptions and
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drawlngs and method of establishing evaportaion gradients
see (Biol. Bull. No. 25. '13). Descriptions will be made
only where changes were made in the apparatus.
The air supply was obtained directly from the
University compressed air lines. A water jacket was not
necessary for the conduction pipe as the air which came from
underground pipes was always cooler than the room temperature.
The temperature of this air varied some and this was no doubt^
responsible for a slight error. The pressure was so variable
that a reducing valve was necessary to keep the flow constant.
The experimental cages for the gradient experiment
were designed by Dr, V. E. Shelford. Since a much greater
rate of air flow was used in these experiments the cages were
made about three times as large as the designer used in his
experiments. An extra division of wire mesh was inserted between
the fish-tailed biirner shaped introducers and cage apartment.
This served to make a more even distribution of the air over
the cage. One cage v/as used for both the experiment and the
control. When a control experiment was being made the air
was shut off; no moving untreated air was used.
When the drying filters became weak due to the
water removed from the air more sulphuric acid was added.
To increase the relative humidity, when the pumice became dry
in the aspirator bottles, more distilled water was added.
In the beginning of these experiments, considerable
difficulty was encountered in obtaining a constant flow of air
through the apparatus and into the cages, due to the fact that
the air supply was taken from the University air mains. The
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pressure in the mains ran about 85 poiinde per aquar-; incla
and as the experiments were conducted at a much loviex pressure,
from one to five pounds, a reducing valve was placed in the
branch line to the apparatus, to reduce the pressure and keep
it constant for any particular pressure that was required for
the experiment on hand.
At the outset it was decided to obtain the flov/ of
air in terras of so many liters per minute. This was done by
filling a 13 liter bottle with water and finding the time
required for the air to displace the water. By proportion
the flow in liters per minute was readily obtained but as the
operation had to be repeated for each change in the air pressure
the work for finding the flow for each different pressure
was tedious and consumed much timei that it was decided to
install some device, whereby the flow at any time could be
readily determined.
The subject of air in motion presents one of the
most confusing, and, at the same time most interesting branches
of the study of the flow of fluids. The internal eddies, cross
currents, and general intracacy of motion of the particles among
each other, occuring in a pipe transmitting air, are almost
entirely defiant of mathematical expression. It is necessary
to adopt as a basis of mathematical investigation the simple
assiMption that the particles move side by side in such a way
that those which at any instant form a lamina or thin sheet,
perpendicular to the axis of the pipe or orfice, remain together
as a lamina during the further stages of flow. Experiment is
then relied upon to make good the discrepancies between the
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Indicatlons of the formula resultin?: from theory and the actual
results of practice.
The laws governing the flow of all fluids are based
on the assumption that the density remains constant throughout
the flow, as has been stated above. In considering the flow
of a gas such as air, however, the laws referred to do not
strictly hold. The velocity in an air duct of uniform size
varies due to a loss or decrease in pressure which causes an
increase in volume and a consequent increase*' in the velocity.
The flow of air, due to a large difference in presaurey
is most accurately stated by the thermodynamic formula for
air discharge under conditions of adiabatic flow.
The usual method in stating and measuring small pressure i
is by notin?:)[:he height of a column of water which the pressure
will maintain in equilibrium or balance in a "U" tube, or
manometer.
From this we can analyze the different pressures
acting when air flows through a pipe. The flow of air through
a pipe or duct is under the influence of three distinct pressures,
namely, the velocity, static, and dynamic or total pressxires.
The velocity head or pressure is defined as that
pressure which is required to accelerate the mass from a state
of rest to the final velocity attained.
The static head or pressure, also termed the frictional
or resistance pressure or maintained resistance, is that pressure
required to overcome the resistance offered to the flow. This,
in reality, is the pressure tending to burst the pipe as would
be measured by the ordinary pressure gage.
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The dynamic head or preasure, also termerl the total
or impact pressure is the sum of the pressures reiuired to
overcome the resistance to flov/ and create the velocity of
discharge.
For the many occasions where the measurement of
volume, or of vol-ame and pressure, is required, more accurate
methods of measurement are often desired than have been commonly
used, and the experimenter needs something better than the ordina-
ry anemometer to determine the velocity, or a rubber tube
connected to a water gage to measure the pressure. Especially
is this so in fan work where the volume varies from zero with
the outlet entirely closed, to a maximiM, with an unobstructed
discharge. The measuring apparatus must be accurate through this
wide range.
As has been stated, the usual method employed in
stating and measuring small pressures is noted by observing
the height of a column of water which the pressure will maintain
in equilibrium or balance in a U tube, or manometer. The
difference in level of the liquid in the manometer is a measure
of the static pressure existing at thig point in the pipe or
duct. A tube of this description is termed a "Piezometer".
In order to obtain correct piezometer readings the most
accurate method is to employ a hollow ring connected to the
interior of the pipe by six or eight small holes, 0.02 inches
in diameter.
Some form of differential or inclined tube gage
filled with gasoline and graduated to read in hundredths of
an inch of water is usually employed in place of the ordinary
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U tube, which is not well adapted for reading small preaaure
differences
.
We can now measure the static head or preaaure,
but as this would not be of much value with air under motion,
it is necessary to introduce some device in order that the
velocity pressure may be obtained. Such an instrument is known
as the "Pitot" tube. This Pltot tube when used with suitable
pressure measuring devices, as already described, is particularly
well adapted for measuring both the pressure and volume of air
flowing through a pipe or duct.
The Pitot tube has the advantage of bein?' correct
in principle, inexpensive, portable, and can be easily and
conveniently arranged for testing purposes. It is a well known
instrument, and consists essentially of two parts, a tube
pointing upstream against the flow of air or gas and which
converts the sum of the static pressure and velocity pressure
into a head which may be measured, and, as e. second part, a
means of determining the static pressure alone.
Although the Pitot tube has long been known and used
there is still much doubt in regard to its accuracy and distrust
of the results obtained by its use. This general distrust is
due to the widely divergent results which are obtained by the
use of different forms of tubes and to the lack of knowledge as
to the correct methods of using it. There has long been a need
of a careful scientific study of the Pitot tube and a fair'
comparison of the different forms in use.
The form of tube shown in Chart 4 has been adopted
by the leading scientists of the country as being the raost
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rellable
.
The Pitot tube, as described, was sealed in a glass
tube 1-J- inches in diameter and 30 inches long, and the connection
made from the :lead3 of the Pitot tube to a ten inch mercury
column manometer by means of a piece of one-half inch rubber
tubing. This general arrangement is shown in Chart 4. After
set
the apparatus had been^up as shown in the sketch the air leading
to the cage was inserted into the neck of the inverted 13 liter
bottle and the air turned on. This was done in order that the
scale S on the mercury manometer could be calibrated in rate
of flow of the air. Several such readings were taken for the
range of pressures to be used in the experiments, and a scale
constructed whereby the rate of flow in liters per minute could
be had directly by measuring the height of the mercury in the
manometer. The rubber tubing from the exit side of the
measuring device was thsn connected to the leads from the cages
containing mice.
3, General plan of the experiments.
The mice were put into the experimental cages and
a gradient of evaporating power was secured by passing
air of different relative humidities or different temperatures,
or at different velocities through the different divisions of
the cages. The bottom of the cage was covered with leaves and
in order to keep the air from blowing them to one side melted
paraffin was poured on them. This was done to procure a rough
surface as the mice would not run over the smooth tin bottom.
After the rate of flow of the air, the temperature and its
evaporating power were determined the mice were put into the
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cag«, and tracings to the minute and second scale v/ere made for
thirty minute intervals.
A control experiment was made after each experiment
so that a comparison could )3e made in the tv;o ca-asa. An animal
might spend as much time in one division of the control cage
as it did in the experimental cage but as the graphs show the
movements are of a different character. There is no direct
orientation In the control cage, and the mice wander back and fort i
through the different divisions, and seem to be as well satisfied
in one division as the other. After one experiment was completed
and the mouse had selected the division of the cage which
seemed to agree with its physiological make-up, the
gradient was some times reversed. The mouse always moved out
and sought the conditions it had formerly selected.
3. Material.
Only one mammal was used in the following experiments,
the white-footed wood mouse, Peromyscus leucoptus noveboracensis,
The experiments were made as soon as possible after the mice
were brought into the laboratory, and until .experiments were
made they were kept under conditions as similar to those
of their natural environment as was possible.
4. Experimental results.
The air in these experiments was dried by passing
it through sulphuric acid filters (Biol. Bull. No. 25. '13),
The amount of moisture in the air after treatment depended
upon the rate of flow, the temperature, the original humidity
of the air and the condition of the filters. These filters
becajne weaker from time to time due to the water removed

Chart 4
CALI0S:/^TIO.\' f<CTTLE
STATIC PRES^
TOTAL PRg3S
TVyj? PR M^R^ HCI-£5 AT
TRONJ AND BAC<, tACH 0,02"
IN Cl/AM. IN OUTER TUl
STAND/^RD PITOT TUBE
"(TOT TUBE 10" MANOMETER.
ARRANGEMENT OF PITOT Tl^^E IN AIR LIME
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fro' the air. Ten minute exposuren were made of t.h,:^ atmometers
as this time was sufficient to calculate readable results.
About thirty experiments were made to test the
reactions of these mice to the different evaporating powers of
the air. The following graphs of a few of the experiments
will serve to show the general behavior of these mice in all
the experiments.

-20-
Chart 1«
This chart ahowe a very marked avoidance of the air
of high evaporation due to dryness. The lowering of the
threshold of atimulation is evident in Experiment 10 as the
period spent in the unfavorable conditions ia less each time
until direct orientation results. The mouse remained in this
division of the cage fortyfive minutes after the experiment
was closed during which time it slept. In Experiment 11 the
filters and raoistenerswere renewed. The avoidance of the
air of high evaporation is noted but the mouse reacted much
more definitely which was probably due to the drier air and
physiological state of the organism. The only time it left
the air of lowest evaporation it was forced out by the
experimenter. The figures at the top of the columns represent
the evaporation in cubic centimeters during the thirty minutes
experimental periods and those at the bottom represent the
relative humidity.

I
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Chart 2.
This chart shows the negative reaction of the mouse
to air of high evaporation due to increased air movement. In
Experiment 12 the filters were removed from the air supply and
the moisteners were left in. The mouse oriented directly to the
air of highest evaporation, and the stimulation seems to be
more of a mechanical nature "but undoubtedly the direct orientation
is a reaction to the higher evaporation due to the rapid air
movement as well as mechanical stimulus. At the close of the
experiment the two ends were reversed and the dotted line
represents the tracings of the animals movements. The same
avoidance of the air of high evaporation is noted but the
mouse did not orient directly. It remained in the unfavorable
conditions for ten minutes but became very restless after the
second minute and finally moved to the air of the same
evaporation it had previously selected. At the end of twenty-
seven minutes it was forced out by the experimenter but
returned immediately to the air of lov/est evaporation. In
Experiment 13 the moisteners were rem.oved. When the mouse
first encountered the rapidly moving air it was stimulated and
kept turning around in the cage and displayed other random
rriovements. After returning to the air of lowest evaporation and
the less rapid air movement the turnings were replaced by
hesitation at the boundary of the highest evaporation rates and
shorter stays in the rapidly moving air.

Air Current -
Experiment- Control
l \ ho
Air Current -
Ey pcrimcnt- ( 3 Contro I
•35 'Re'<it\vi H'-^miciitN
."30. to 46. l^tTe of Flow- gD[C35.5 SO
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Chart 3,
Thia chart ahows the avoidance of high evaporation
due to increase of temperature. In Experiment 14 a difference
of 3.2^ C was noted. The standard rate of flow, 27 liters
per minute, was used in this experiment. In Experiment 15 the
orientation to the higher temperature is more direct, and by
comparing the two experiments it is seen that temperature
differences are easily detected by these mice. The dotted
line represents the tracings of the animal's movements when
the ends were reversed at the end of the experiment. The
mouse ran around at random for the first five minutes and then
selected the air of the same evaporation it had previously
selected.

Chart 3
Air Current -VVoirm. Air Current -Wa my
Experiments Control Eyp€rimcnT-l5. Control
Relotiv€ H^>^''^'ty. SI i.'Z
g6.SlS4.2|g3.^ Tgi^pgrotMrg ZSZmtlSe^
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The charts show the reactions of the white-footed
wood mouse to air of various evaporative powers. The distance
from right to left between the scales represents the length
of the cage. The vertical scales are time scales with minutes
divided into twelve second periods. The tracings represent
the movements of the animals; horizontal distance represents
the distance lengthwise of the cage and vertical distance
represents time. The solid vertical lines separate the
divisions corresponding to the thirds of the cage. The numbers
at the heads of these columns in the experiments represent
the evaporation in centimeters for the thirty minute periods.
The relative humidity and temperature data is given at the bottom
of the coluinns.
In Experiment 10 the moisteners were becoming very
dry and the filters were weak; both were renewed in Experiment 11.
The standard rate of flow, 27 liters per minute was used in
both experiments. The mouse was always placed in the division
of the cage where evaporation was the lowest. In Experiment 10
the mouse moved directly to the opposite end of the cage where
the rate of evaporation was the highest and remained there
ten minutes. It behaved quite normally for five minutes, then
it grew restless and kept turning around in the corner of
the cage; several times it stretched and lay flat and yawned.
After moving back to the division of lowest evaporation it made
three trips across the cage but the period spent in the dry
air was less each time. The threshold of stimulation was lowered
each time so that finally the mouse oriented directly, and
returned to the air of low evaporation. Throughout the rest
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of the experiment it remained there and behaved normally.
Thirty minutes after the experiment was closed the mouse was
still in the same division of the cage. In Experiment 11 the
mouse reacted much more definitely, due in part no doubt to the
air of higher evaporation and the physiological state of the
animal. It renained in the air of lowest evaporation throughout
the experiment excepting when it was forced out. A marked
negative reaction to the highest evaporation is clear in both
experiments
.
The rate of flow influences the rate of evaporation
in a marked degree. The mice oriented directly in most cases
to a very small change in the rate of flow, but I am inclined
to attribute this orientation more as a response to a mechanical
stimulation; however the higher rate of evaporation was no
doubt a factor in determining this response. In their natural
environment changes in wind velocity would not directly influence
their behavior since these variations are very slight in the
forest, and in their underground burrows they would have
little or no effect j howeve^ these changes in wind velocity
existing between the forest and the prairie,no doubt^ play
an important role in restricting their habitats to the forest.
The rate of evaporation is much greater on the prairie due to
a more direct effect of the wind and a higher temperature.
In Experiment 13 the rates of flow were 30, 35.5 and
50 liters per minute respectively; the filters and moisteners
were both cut out of the air supply leading to the experimental
cages. While most of the time was spent in the division
representing the lowest evaporation the mouse never behaved
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norraallyi the lowest evaporation appearing to be above the
optimum, and no dcubt it waa much greater than thc.t encountered
in the natural environment. In Experiment 12 the rates
of flow were 30, 30, and 40 liters per minute. The filters were
cut out in this experiment while the moisteners were left
in which accounts for the variation between the two 30 liter
flows. The mouse showed a marked avoidance to the more rapid
rate of flow. At the end of fourteen minutes the mouse was
asleep in the division of lowest evaporation and remained
there throughout the experiment. At the end of this experiment
the ends were reversed. The mouse up to this time had been
asleep but was now stimulated and after the first few minutes
grew very restless, turning around in the corner and shewing
various otiier stimulation reactions siriilar to those described
under the dry air experiments. The mouse after ten minutes
had elapsed moved to the end of, lowest evaporation which it
had previously selected and remained there throughout the
experiment except at the end of the 27th minute when it was
forced out by the experimenter.
Only a general idea of the effect of raising the
temperature can be obtained as the apparatus for this part
of the experiments was faulty. It was impossible to keep
the temperature constant, and the atmometers and the water
in the burettes should have been at the same temperature
as the air used, if the results are to be comparable with
those obtained at room temperature. Even though the data
may not be mathematically accurate the number of experiments
performed give a fair indication of the general effect upon
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the physiological organism as is indicated by the general
behavior of "he mice in all the experiments.
The various temperature gradients were obtained by
passing the air through coils of alujT:inun tubes exposed to
steam. In some cases the pressure exerted on the air
in these coils was sufficient to raise the temperature 0.5^ C
or more and thus produce a gradient. The temperature of the
different divisions of the cage was recorded when a constant
temperature seemed to prevail. Thermot.ieters reading to one-
tenth of a degree were used.
In Experiment 14 the standard rate of flow, 87 liters
per minute, was used, and the temperature in the different
thirds were 26.5°, 24.8°, and 23.2° respectively. The
reaction to the air of highest evaporation was similar to those
of the dry and rapidly moving air, and this experiment the
mouse easily detected a difference of 3° C. In Experiment 15
the temperatures were 25.8°, 30.8°, and 38.4° respectively
while the rate of flow was approximately 22 liters per minute.
The dotted line represents the reaction of the mouse after
the ends were reversed at the end of the experiment. The
mouse was stimulated at first in the hot air; activity was
increased and it moved back and forth in the cage for the
first few minutes after which it aelscted the aams air as before.
5, General discussion.
Whether the evaporation was increased by more rapid
rate of flow, by drying the air, or by raising the temperature
the general behavior and reactions of the mice were the same.
As a rule the mice did not orient as quickly in the dry air

as they did to a di^'ference in the rate of flow or a change
in temperature. The mouse was always stimulated in the dry
air and showe^" agitation by rapid turninf^a in the cage,
yawning or by stretching an-^ laying flat on the bottom of
the cage. Sometimes the mouse moved about at random in the
division of the cage representing the highest evaporation.
This was especially the case when the ends were reversed after
the completion of the experiment. The selection of the air
of lower evaporation was usus.lly accomplished by the mouse
moving back and forth across the cage; each period spent in
the higher evaporation lowered the threshold of stimulation
and finally direct orientation resulted.
The problems involved in the results of these
experiments are the more complex of physiology and the rate
of evaporation plays an important role in the distribution
of animals.
YThy is the habitat of the white-footed mouse
coextensive with the woodland area or why is any animal
restricted to any particular environment? If any one should
attempt to answer these questions he would encounter a very
complex physiological problem; however it is a certainty
that this experimental work as well as that done by Shelford
and others, shows that "rhe evaporation is the best index of
conditions affecting ws.rm-blooded animals.
Changes of environmental factors influence organisms
in one of three ways: (Shelford '14) a, They may produce
death, b. They may modify structure or behavior, c. They
may stimulate migrating animals and cause them to turn back
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when an increase or deorease in the factor is noted. These
factors have bren shown to modify form, color, size and the
behavior of animals under experimental conditions (Entemann '09),
(Allen '74), (Sumner '08, '10).
The integument or covering of animals has a great
deal to do with the power of an animal to withstand air of
high evaporation. The white-footed mouse with a heavy coat
of fur no doubt can withstand these unfavorable conditions more
readily than the salamander or frog or other soft skinned
amphibians since there is no mechanism to prevent the loss
of water. In the desert all the animals possess some sort
of integument which prevents the loss of water by evaporation.
The shrew (Blarinia brevioauda Say) has a covering of fur
but they are much more restricted to their environment than
the white-footed wood mouse. It is almost impossible to keep
them in the laboratory. The essential factor for their
existance seems to be plenty of moisture as they will die if
left in the traps over night without water.
Shelford showed that certain animals turn away from
air of high evaporating power, and show a preference for air
of low evaporation. The animals experimented with were the
amphibians and insects but these experiments ahow that mammals
are affected in the same way. Sand dune animals showed a
preference for air of high evaporation. He says that the type
of reaction is definitely related to the usual habitat of the
animals. All animals subjected to these tests were found in
agreement in their reactions though there was no general
agreement in the length of time to kill them by desiccation.
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When the mice encountersd th- air of high evaporation
there was first a period of stimulation or of heightened
sensibility which is indicated by the increasing avoidance
of the air of high evaporation after several entrances into
it. It is impossible to give a solution which would account
for this heightened sensibility but the work of past investi-
gators give some interesting data on which to base some
conclusions. Headlee ('13) showed how terapsraturs and moisture
affect the rate of metabolism. Hennings, ('07) founi. *hat
dry air increased metabolism and some of the activities of
the bark beetles. Waller, ('96) shov/ed that a small increase
of COg increased the activity of the nerves and if for any
reason this output was interfered with an increased irritability
would result v*rhich would be folloived by a period of depression
and finally death if ccoxe favorable conditions were not
encountered. There is no doubt that physical-chemical processes
play an important role in the distribution of all animals,
and since the chemical constitution of every animal is
constantly changing as v/ell as the dynamic processes of natiire
the problem v^hich confronts the biologist is a very complex one.
Since the rate of evaporation has received so much consideration
in these experim.ents its relative importance will be discussed
and its relation to the resulting data will be more clearly set
forth.
The physiological effects of evaporation upon man
and other warm-blooded mammals have been noted by many scientists
whose works date back as far as Hypocrates and Galen. Beinhard
('69) found that the loss of water was dependent upon the tern-
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perature, humidity, winr: velocity and. pressure. Elagden,
Forsythe and Dobson (1775) made a number of experiments
showing that resistance to high temperatures is dependent
upon the evaporation of moisture from the skin. In tropical
countries, if the air is dry, the temperature may rise to
120° F without causing much inconvenience to the
human body, but when the air contains much moisture and thus
prevents evaporation from the skin very high temperatures cannot
be borne. These results coincide with the common observations
that the effects of warm air depend largely on humidity.
Haldane, ('09) observed the following symptoms to accompany
the rise of body temperature, a, an increased pulse rate,
b, dyspnoea, particularly on any exertion, and c, a general
feeling of exhaustion and discomfort. The ill effects were
partially eliminated if the air were kept moving and thus
increasing the evaporation. Assuming that the metabolism of
the human body during rest, and hence the heat production would
be constant, it follows that as the air temperature is raised
and the heat interval between the body and air diminished the
heat lost by radiation will decline, whilst that due to evap-
oration of water must take up the balance, else heat accumulation
will follow. Osborne, (• 10) , One would then expect the
water loss to be a lineai' function of the air tem.perature but
Osborne disproved this and the data in the following table will
make this clear.
Date Dry bulb Wet bulb. Water loss in gms. CO^ per
hr.
February S. 27,1^C 15^0 85.0 31.26
February 13. 27.1°G 12.5°C 94.8 23.78
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The difference in v^ater loss and CO^ given off is no doubt
due to the varying- humidity and velocity of the air. He
showed that the increased water loss means an increased heat
loss and therefore increased metabolism if thr body of the
organism is to remain thermostat icj that the ventilation of
the lung is increased Ttrhen the air temperature is high; that
CO2 varies directly and not inversely as the external tem.perature;
that there was some indication that with rising temperatures
(wet and dry bulb) the respiratory quotient approached unity
and that the importance of the velocity of chemical reactions
as influenced by the temperature was shown to vary at different
temperatures
The results show the import3,nce of humidity cannot
be overestimated for temperature data without the known humidity
is of no practical value. Sutton ('OS) states that sunstroke
occurs only in a very rroist atmosphere and Osborne's experiments
verify this conclusion. To interpret the importance of the
relative humidity and temperature the wind velocity and pressure
must be reckoned with. In these experiments the pressure was
not considered as it was practically constant. The bestt method
of expressing the combined action of temperature, wind velocity
and insulation is in term.s of evaporation. Shelford ('13).
High air" temperatures alone do not change the body
temperature as long as the latter can be regulated by the loss
of sufficien-': heat through evaporation. (Hill, Leonard and
others). Aron ('11) has shown that if the regulatory mechanism
is interfered with the results are fatal if the organisms are
subjected to high temperatures. He experimented with the
=======================^
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dog, rabbit and monkey. When a dog was tracheotomizsd the
expired air escaped through the the tracheal cannula, so
that the water vapor carrieo with the current wOul". not
reach the surface of the tongue and there was a limited surface
from which it could be evs.porated. In the sharie the dog
behaved normally but when exposed to the sunb rays the rectal
temperature rose to febrile haights. If the experiment was
continued the animal died; the respiration showed a marked
increase, the pulse waa quickened, cyanosis of the mucus
membrane set in, saliva dropped from the mouth and there
was a mucus secretion from the nose. The anim.alB shov/ed all
the indications of sunstroke. The post-mortem findings in the
dogs and rabbits which died, were; hyperaemia and a certain
number of small hemorrhages in the subcutaneous tissues,
hyperaemia of all internal organs, especially of the brain and
meninges.
The mechanism regulating evaporation in the mionkey
is very limited and when they vvere exposed to the rays of the
sun, there being no air movement, for seventy to eighty minutes
death resulted. The body temperature within an hour rose
from 38.5^C to 42°C and the sub-cutaneous temperature reached
45°C or even 46.8^C. If there was a strong air current the
monkeys behaved normally.
Post-mortem findings on m.onkeys dying after exposure
to the sun gave the following characteristics; hyperaemia of
the subcutaneous vessles snd all internal organs. All the
rronkeys showed hemorrhages in the muscular wall of the left
ventricle; the vessels of the dura mater were distended; the
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blood veeuels were very hyp raemic; fresh small hemorrhages
were found in several places on the basal side of the frontal
lobe. It Seems then "that the heat radiated from the sun
warms the body tissues more rapidly fban can be compensated
for by the regulatory organism of the body and the tissues
and blood increase in temperature to a point that is incom-
patible with life."
Experim.ent8, then, prove that not only temperature
must be considered in studying the distribution of the speciirs
but pressure, sunshine, win-:' movement anl humidity as well.
The facts and causes are far m.ore com-plex than the temperature
control assumed, Shelford, ('13) "While all the facts of dis-
tribution are worthy .of explanation, the biological processes
concerned are of vast importance for they include the most
complex problem.s of biochemistry and life phenom.ena." It, then,
seems indisputable that the laws governing the distribution
of life are a com.plex resulting from many different causes
which are of variable importance to each species.
6. Surrimary.
1. The m.ice reacted to evaporation whether it was
produced by movem.ent, dryness or heat.
2. They behaved normally in air of low evaporation,
their optimum, but when the evaporation was increased the
mice were stimulated and reacted negatively.
3. Slight differences in air movement were easily
detected by the mice.
4. The rate of evaporation is the best index of com-
bined action of wind, temperature, insulation and dryness of air.
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5. The Integument of animals is important in
determining the rate of evaporation, but animals of the same
community show differences in their ability to withstand
unfavorable conditions.
6. Evaporation is probably the most important factor
in determining the distribution of the white-footed wood mouse.
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